Effect of daily diet change from the start of lactation to the peak of lactation diet on ruminal pH with pH courses and changes during the feed day Vplyv zmeny kŕmnej dávky z rozdoja na kŕmnu dávku na vrchole laktácie na ruminálnu pH s denným vývojom a zmenami pH počas kŕmneho dňa 
Introduction
High-producing dairy cattle require large amounts of dietary energy to meet the demands of increased milk production. To accommodate this energy requirement, it has often been economical for producers to feed large amounts of cereal grains to provide energy to rumen microbes and their host (Kleen et al., 2003; Stone, 2004) . In a survey of field nutritionists, dietary starch concentration in rations for lactating dairy cattle that supported both positive production and health were between 15 to 25% of ration DM (Hall and Eastridge, 2014) .The optimal concentration of nonstructural carbohydrates (NSC) or nonfibrous carbohydrate (NFC) in diets for lactating cows is not well defined. To avoid acidosis and other metabolic problems, the maximum concentration of NSC should be approximately 30 to 40 percent of the ration dry matter (DM) (Nocek, 1997) . Fermentation of feedstuffs in the reticulorumen produces volatile fatty acids (VFA) and lactic acid. These acids can accumulate and reduce ruminal pH if rumen buffering cannot keep pace with their accumulation (Plaizier et al., 2001 ). Higher content of corn silage in daily diet leads to lower ruminal pH and narrower acetate and propionate ratio, worse fiber, higher protozoa numbers, lower milk fattening but higher milk proteins what is caused by higher starch content (Hassant et al., 2013) . Subacute ruminal acidosis (SARA) is defined as periods of moderately depressed ruminal pH (about 5.5-5.0) that are between acute and chronic in duration . Lactic acid does not consistently accumulate in the ruminal fluid of dairy cattle affected with SARA. The depression of ruminal pH in dairy cattle with SARA is apparently due to the total accumulation of volatile fatty acids (VFA) alone and is not due to lactic acid accumulation . Subacute ruminal acidosis is a common disease in high yielding dairy cows that receive highly digestible diets, and has a high economic impact. Due to the limited information on the prevelance of this disease and the non-specific nature of many of its manifestations, the importance of SARA is not fully appreciated. This disease not only affects feed intake and milk production, but can also compromise cow health by causing diarrhea, laminitis, liver abscesses, production of bacterial immunogens, and inflammation. Many of the mechanisms by which depression of rumen pH compromises cow health are not well understood (Plaizier et al., 2008) . Measurement of pH values can by realised using rumen fistula, oro -ruminal probe, rumenocentesis and boluses (Duffield et al., 2004; Geishauser, 1993; Mottram et al., 2008; Nordlund and Garret, 1994) . The main goal of this research was to find the effect of daily diet change from the start of lactation diet to peak of lactation diet taking account into the lactation number using continuous monitoring of ruminal pH using boluses.
Materials and methods

Animals and Housing
Measured data from 7 dairy cows of Holstein breed (average age 3.57) in cooperation with the University Experimental Farm in Oponice during 30 days were collected. Selected cows have average milk production 10 175 kg per lactation with 3.94% of fats, 3.10% of crude proteins and 4.7% of lactose. Dairy cows were 15 days fed with daily diet at the start of lactation and after that was daily diet changed for another 15 days to diet for dairy cows at the peak of lactation. Three of selected animals were in the 2 nd lactation and 4 in the 3 rd lactation. Experimental cows were loose housed with laying boxes system and automatic manure scraper in the manure corridor in the groups with another dairy cows together. Daily diet on the feeding table was folded.
Feeding
Animals were fed once daily with Total Mix Ratio (Table 1. ) ad libitum between 4:00 and 5:00 and milked 3 times per day at 6:00, 12:00 and 18:00. Structural parameters of daily diet for each group 3 times at the SL and PL were monitored (Table 2. ). Dairy cows at the PL had dry matter content of daily diet higher by 8.64 kg (51.40%) than cows in SL group. Netto energy of lactation (NEL) content was higher by (54.06%) 53.94 MJ*NEL -1 in kg of original matter. Concentration of starch in the daily diet at the PL was higher by 4.97%. These differences with more corn silage (97.40%) and high moisture corn (112.14%) at the PL were realised. Corn silage acidity (pH 3.85) and alfalfa silage acidity (pH 4.85) with Sodium Bicarbonate (daily 550 g*head -1 ) and Magnesium Oxide (daily 51 g*head -1 ) were neutralised. 
Results
Difference between pH values after feeding of start and peak lactation diets
Results between pH values at the start of lactation and peak of lactation are shown in the Table 3 . and Figure 1 . After comparison of 2 different diets next results were found. Generally, average pH values at the peak of lactation (PL) were statistically significant lower by 0.74% in comparison with pH at the start of lactation (SL) (P < 0.01). Differences between SL and PL groups in the pH values every hour from 0.09% (11:00) to 1.71% (17:00) with average difference 0.81 ± 0.35% were found. In the Figure 1 is shown that dairy cows had the same feeding regime. Feeding was realised between 4:00 and 5:00 and after that there was determined a conclusive effect of highly digestible nutrients, mainly starch and pH values decreased from their maximal values. Average fall during the 1 st 6 hours after feeding was at the SL 0.83 ± 0.76% and at the PL 0.90 ± 0.62%. Before 2 nd milking between 12:00 and 13:00 weak stabilisation after the previous decrease in pH values by 0.09% (SL) and 0.07% (PL) was determined. Statistically significant decrease (P < 0.01) between maximal average pH 6.62 (SL) and 6.60 (PL) at 4:00 and pH 6.27 (SL) and 6.23 (PL) at 12:00 in the SL group 5.35% and in the PL group 5.63% was found. After 2 nd milking pH values decreased slowly to pH 6.19 ± 0.29 (SL) and 6.15 ± 0.26 (PL) at 14:00. In the time period before 3 rd milking animals were resting and ruminating. This fact in the recovery of ruminal pH at the SL 0.51% (15:00 and 16:00), 0.76% (17:00) and at the PL 0.25% (15:00), 0.50% (16:00), 0.10% (17:00) and 0.72% (18:00) was reflected. At the time of 3 rd milking (18:00) pH values were 6.28 ± 0.29 (SL) and 6.23 ± 0.32 (PL) and the difference between maximal pH at 4:00 was 5.10% (SL) and 5.56% (PL). After 18:00 animals ate residual of daily diets and ruminal pH decreased again. In the SL group ruminal pH declined by 1.08% (19:00), 0.91% (20:00), 0.42% (21:00) and 0.55% (22:00). Ruminal pH in the PL group drop by 0.66% (19:00), 0.92% (20:00), 0.97% (21:00) and 0.15% (22:00). At 22:00 the lowest average values of ruminal pH were found. At the SL was ruminal pH 6.10 ± 0.29 and at the PL 6.07 ± 0.26. After comparison with maximal ruminal pH values at 4:00 statistically significant difference (P < 0.01) 7.88% (SL) and 8.09% (PL) was found. Next animals were resting and ruminating again and pH values on average every hour by 1.38 ± 0.48% (SL) and 1.42 ± 0.72% (PL) to maximal ruminal pH at 4:00 were recovered. Overall, during day pH decreased on average by 0.71 ± 0.54% (SL) and 0.71 ± 0.48% (PL) for 14 hours. Total pH recovery at SL 1.01 ± 0.61% and PL 1.01 ± 0.78% for 10 hours was found. Difference between lactation numbers in pH values according to start and peak of lactation diet More significant differences than between groups at SL and at PL in lactation number were found. After comparison of groups (Figure 2.) of 2 nd lactation cows (S2L) and 3 rd lactation cows (S3L) at the start of lactation statistically significant difference 4.77% (P < 0.01) was detected. Average ruminal pH values were 6.45 ± 0.28 (S2L) and 6.14 ± 0.32 (S3L). In daily courses of ruminal pH the same trends were found. Maximal pH in the rumen at 4:00 6.54 (S3L) and at 5:00 6.71 (S2L) was determined. Ruminal pH of S3L cows decreased faster than pH of S2L cows during 1 st 6 hours after feeding (1.12 ± 1.20% vs. 0.75 ± 0.41%). This drop at 11:00 and 12:00 was stopped and pH values (6.41 S2L; 6.12 S3L) were statistically significant lower (P < 0.01) in comparison with pH values at 4:00 and 5:00. At this point ruminal pH values were lower by 4.42% (S2L) and 6.33% (S3L) in comparison with maximal values at 4:00 and 5:00. After that another pH decrease in the group S2L by 0.04% (13:00), 0.89% (14:00) and in the group S3L 0.79% (13:00), 0.85% (14:00) was found. Before third milking statistically significant (P < 0.01) pH recovery in the group S2L 0.47% (15:00), 0.84% (16:00), 0.05% (17:00) and in the group S3L 0.44% (15:00), 0.23% (16:00), 1.52% (17:00) was found. differences (P < 0.01) 2.80% (S2L) and 3.54% (S3L) were found. Finally, average ruminal pH increase 1.00 ± 0.57% (S2L) and 1.62 ± 0.88% (S3L) for last 6 hours before 1 st feeding at 4:00 was found. Total ruminal pH values decreased on average 0.59 ± 0.40% (S2L) and 0.85 ± 0.87% for 14 hours. Recovery of pH in the both groups on average for 10 hour per day 0.84 ± 0.57% (S2L) and 1.22 ± 0.91% were found.
abbreviations: second lactation cows at the start of lactation (S2L), third lactation cows at the start of lactation (S3L) skratky: druho laktačné dojnice na začiatku laktácie (S2L), treťo laktačné dojnice na začiatku laktácie (S3L) Figure 2 . Daily courses of ruminal pH at the start of lactation (SL) Graf 2. Denný vývoj ruminálnej pH na začiatku laktácie (SL)
In the Figure 3 . results of cows fed with daily diet at the peak of lactation are shown. Daily average courses of dairy cows pH values in the 2 nd (P2L) and 3 rd lactation (P3L) at the peak of lactation was similar in comparison with groups S2L and S3L on the start of lactation. Statistically significant difference 4.05% (P < 0.01) between group P3L and P2L after comparison of daily pH means was found. Daily mean of pH values in the group P2L was 6.39 ± 0.25 and P3L 6.14 ± 0.34. Statistically significant difference between groups S2L and P2L 0.89% (P < 0.01) in the pH value was found. Difference between groups S3L and P3L was 0.14% (P > 0.05). In the both cases the average pH values in the groups at the peak of lactation was lower. Maximal ruminal pH 6.49 at 4:00 (P3L) and pH 6.63 at 5:00 (P2L) was determined. P3L for 1 st 5 hours by 1.19 ± 1.19%. Before 2 nd milking at 12:00 statistically significant differences in comparison with maximal pH (6.42 P2L; 6.12 P3L) before feeding 3.27% (P2L) and 5.87% (P3L) were found. After that another pH decrease in the group P2L 0.61% (13:00), 0.59% (14:00), 1.03% (15:00) and in the group P3L 0.53% (13:00), 0.41% (14:00) and 0.01% (15:00) was found. Next 4 hours the average stabilisation of ruminal pH 0.22 ± 0.53% (P2L) and 0.39 ± 0.48% (P3L) was detected. This recovery during 3 rd milking between 18:00 and 19:00 was discontinued (pH P2L 6.33; pH P3L 6.16). After 3 rd milking average ruminal pH went down by 1.27% (20:00), 1.06% (21:00), 0.15% (22:00) in the P2L group and by 0.86% (20:00), 1.20% (21:00), 0.31% (22:00), 0.47% (23:00) and 0.03% (00:00) in the P3L group. The maximal and statistically significant differences between pH (P2L 6.14; P3L 5.97) before feeding in the group P2L at 22:00 (7.49%; P < 0.01) and in the group P3L at 00:00 (7.96%; P < 0.01) were determined. Before 1 st feeding ruminal pH an increase in the group P2L during 7 hours on average by 1.11 ± 0.70% and in the group P3L during 4 hours on average by 2.10 ± 0.90% was found. Totally, average decrease of ruminal pH 0.65 ± 0.37% (P2L) and 0.72 ± 0.81% (P3L) for 14 hours was determined. Overall pH recovery 0.92 ± 0.65% (P2L) and 1.03 ± 1.09% (P3L) during 10 hours per day was found.
abbreviations: second lactation cows at the peak of lactation (P2L), third lactation cows at the peak of lactation (P3L) skratky: druho laktačné dojnice na vrchole laktácie (P2L), treťo laktačné dojnice na vrchole laktácie (P3L) abbreviations: mean (x̄), difference between lactations at the start (BLS) and peak of lactation (BLP), between previous hour at the start of lactation in the 2 nd (BPHS2L) and 3 rd lactation (BPHS3L), between hour with maximal pH at the start of lactation in the 2 nd (BMS2L) and 3 rd lactation (BMS3L), between previous hour at the peak of lactation in the 2 nd (BPHP2L) and 3 rd lactation (BPHP3L), between hour with maximal pH at the peak of lactation in the 2 nd (BMP2L) and 3 rd lactation (BMP3L) skratky: priemer (x̄), rozdiel medzi laktáciami na začiatku (BLS) a vrchole laktácie (BLP), medzi predošlou hodinou na začiatku laktácie na 2. (BPHS2L) a 3. laktácii (BPHS3L), medzi maximálnou pH na začiatku laktácie na 2. (BMS2L) a 3. laktácii (BMS3L), medzi predošlou hodinou na vrchole laktácie na 2. (BPHP2L) a 3. laktácii (BPHP3L), medzi maximálnou pH na vrchole laktácie na 2. (BMP2L) a 3. laktácii (BMP3L) abbreviations: mean (x̄), difference in hours between groups (HBG), between previous hour at the start (BPHS) and peak of lactation (BPHP), between hour with maximal pH at the start (BHMS) and peak of lactation (BHMP) skratky: priemer (x̄), rozdiel medzi hodinami medzi skupinami (HBG), medzi predošlou hodinou na začiatku (BPHS) a vrchole laktácie (BPHP), medzi hodinou s maximálnou pH na začiatku (BHMS) a vrchole laktácie (BHMP)
Frequency of measured pH values according to daily diets and lactation numbers
In the Table 6 differences between frequencies of measured pH values are listed. Overall, dairy cows at the peak of lactation (PL) spent 26.20% more of time than cows at the start of lactation (SL) under the pH 5.8. PL cows spent under 5.8 2 hours (h) 51 minutes (m) 58 seconds (s) per day and SL cows 23 m 7 s. Ruminal pH between 5.8 and 6.2 are also dangerous for cellulolytic bacteries. After comparison of SL (1544 times) and PL (1484 times) groups 3.89% less of pH values in the group of PL between pH 5.8 -6.2 was found. SL cows spent in this interval daily 6 h 37 m 10 s and PL cows 6 h 44 m 25 s. In the optimal interval of pH 6.2 -6.8 spent SL cows 13 h 51 m 23 s and PL cows 13 h 25 m 18 s per day. In the PL group was pH values in this interval 8.57% lower in comparison with SL group. Finally, dairy cows in the SL group spent more time per day over pH 6.8 (1 h 22 m 50 s vs. 58 m 19 s) and frequency of pH values in this interval was higher by 33.54%.
In the SL group animals in the 2 nd (S2L) and 3 rd lactation (S3L) were monitored. The pH values frequency of these groups was fallowing. Under pH 5.8 911.11 % more pH values after comparison of S2L and S3L groups in the S3L group was detected. While S2L cows spent below this threshold 26 m 7 s, S3L cows 3 h 54 m 25 s per day. Lower differences but still high between groups in the interval 5.8 -6.2 were found. The difference 129.91% in favour of S3L group after comparison of both groups was detected. Dairy cows in the S2L group spent in this interval 4 h 00 m 26 s and S3L group 9 h 14 m 22 s on average per day. The S2L group had more stabile rumen environment than S3L group. In the pH interval 6.2 -6.8 42.34% more pH values in the group S2L in comparison with S3L were detected. Optimal pH for ruminal microorganisms lasted in the group S2L 17 h 33 m 9 s and S3L 10 h 8 m 58 s on average per day. In the S3L group 65.83% less of detected pH values in comparison with S2L group over pH 6.8 was determined. Over this threshold spent S2L dairy cows 2 h 3 m 18 s and S3L cows only 42 m 15 s.
In the PL group animals in the 2 nd (P2L) and 3 rd lactation (P3L) was also monitored. After comparison of S2L and P2L group 44.44% less values under pH 5.8 in the P2L group were detected. On the other side in the P2L group in comparison with S2L was higher frequency 10.90% in the in pH the interval 5.8 -6.2. In the pH interval 6.2 -6.8 and over 6.8 in the group P2L after comparison with S2L 15.90% (6.2 -6.8) and 55.42% (over 6.8) difference was found. Transition to peak lactation diet caused higher frequency of pH below threshold 5.8 in the groups of dairy cows in the third lactation. Dairy cows in the P3L group had 33.19% higher pH frequency under 5.8 in comparison with S3L. On the other side in the P3L group in comparison with S3L group 10.32% less frequency in the interval 5.8 -6.2 was detected. In the interval 6.2 -6.8 was 4.15% more pH values in the group P3L than S3L and over pH 6.8 it was 30.49% for P3L group.
In the P3L group in comparison with P2L group 2324.00% of pH values below the threshold 5.8 was determined. Dairy cows in the P2L group spent under 5.8 only 15 m 9 s on average per day but P3L group 4 h 59 m 59 s on average per day. High difference between these groups also in the pH interval 5.8 -6.2 was found. P3L group had 85.93% of pH values in this interval than P2L group. Dairy cows in the P3L group spent in the pH interval between 5.8 and 6.2 7 h 57 m 41 s and in the P2L group 5 h 14 m 41 s on average per day. P2L dairy cows had higher frequency of pH values between 6.2 -6.8 in comparison with P3L 28.60%. On average 17 h 25 m 17 s in the P2L group and 10 h 9 m 22 s in the P3L group pH values were in this interval per day. Ruminal pH over the threshold 6.8 in the both groups was the same and the difference 0.00% was determined. Overall P2L group spent over pH 6.8 1 h 4 m 53 s and P3L group 52 m 58 s. 
Discussion
Ideal pH for all rumen microbes is from 6.2 to 7.0 (Barber et al., 2010) . Maulfair et al. (2013) observed the lowest pH values from 5.28 to 5.59 and the highest values of pH from 6.69 to 6.95. Another research recorded average pH values from 5.69 to 6.50 (Krause et al., 2009 ) and from 5.90 to 6.60 (Křížová et al., 2011) . Křížová et al. (2010) found mean pH in the rumen around 6.80 and 6.83. The daily mean pH from 5.96 to 6.89 with an average 6.31 from 450 analysed rumens of dairy cows was found (Mottram, 2015) . In this research pH values from 5.32 to 7.25 were determined. The daily mean pH at the start of lactation 6.30 ± 0.34 and at the peak of lactation 6.25 ± 0.33 was found. The average pH for both groups during whole monitored period was 6.27 ± 0.34. Mertz et al. (2009) found mean pH in the 1 st lactation 6.43 ± 0.28, 2 nd lactation 6.87 ± 0.19 and 3 rd lactation 6.40 ± 0.40. Mean pH in the group of multiparous cows was 5.84 ± 0.06 and in the group of primiparous cows 5.95 ± 0.06 (Meakawa et al., 2002) . Bowman et al. (2003) determined higher pH in the group of primiparous cows (5.67) than multiparous (5.58). At the start of lactation the difference between 2 nd and 3 rd lactation cows was found. Average ruminal pH values were 6.45 ± 0.28 in the group of 2 nd lactation cows (S2L) and 6.14 ± 0.32 in the group of 3 rd lactation cows (S3L). The same results at the peak of lactation were determined. The daily pH mean of 2 nd lactation cows (P2L) 6.39 ± 0.25 and in the group of 3 rd lactation cows (P3L) 6.14 ± 0.34.
Before feed intake pH values reach their maximal values and hit a low from 3 to 6 hours after 1 st feeding depending on the daily diet composition and the pH pattern observed in dairy cows showed that the most of feed is consumed as soon as it is delivered (Bodas et al., 2014; Dufield et al., 2004; Marden et al., 2005; Palmonari et al., 2010) . The patterns of ruminal pH showed similar trend in all dairy cows and rapid drop in pH values during 1 st 3 hours after feeding (Křížová et al., 2010) . Bodas et al. (2014) found that pH rises during the night and the maximum value is reached before feed is delivered to animals and the lowest pH is reached at 21:00 -22:00 probably as a consequence of an evening intake of feed. In this research the maximal pH values were before delivery of food at 4:00 -5:00. At the start of lactation average fall during the 1 st 6 hours after feeding 0.83 ± 0.76% (S3L 1.12 ± 1.20%; S2L 0.75 ± 0.41%) and at the peak of lactation 0.90 ± 0.62% (P3L 1.19 ± 1.19%; P2L 0.55 ± 0.34%) on average per hour was found. The lowest pH in the both groups at 22:00 was found. During the night before 1 st feeding pH values by 1.38 ± 0.48% (SL) and 1.42 ± 0.72% (PL) were recovered. In the S2L group mean increase of pH was 1.00 ± 0.57%, in the S3L group 1.62 ± 0.88%, in the P2L group 1.11 ± 0.70% and in the P3L group 2.10 ± 0.90%.
Multiparous cows (47.63% of measured data) remained pH under 5.8 about 1.2 hour per day longer then primiparous cows (37.18% of measured data) (Meakawa et al., 2002) . Similar results found Bowman et al., (2003) . In their study were multiparous cows per day under pH 5.8 longer (6.8 hour daily) then primiparous cows (5.4 hour daily). AlZahal et al. (2007) monitored ruminal pH below 5.6 for 5 hours daily and during another experiment found AlZahal et al. (2008) pH values in the rumen under 5.6 for 1 hour daily. Average daily pH values under 6.0 took 4 hours and 33 minutes of a day (Keunen et al., 2002) . Overall 8.9% of measured pH values under 5.8 in the SL group and 11.9% in the PL group were detected. In the S2L group pH values below the threshold 5.8 only 1.6% and in the P2L group 1.1% were found. On the other side S3L group had under pH 5.8 16.3% and P3L group 20.8% of detected values. Dairy cows in the SL group spent below pH 5.8 23 m 7 s and in the PL group 2 h 51 m 58 s daily. In the S2L group was pH under 5.8 26 m 7 s, S3L group 3 h 54 m 25 s, P2L 15 m 9 s and P3L group 4 h 59 m 59 s per day.
Conclusions
Change of feeding from the daily diet at the start of lactation to peak of lactation has effect on ruminal pH. Values of pH at the peak of lactation were statistically significant lower than at the start of lactation by 0.74% (6.30 ± 0.34 vs. 6.25 ± 0.33). At the peak of lactation faster decrease in pH values during 1 st 6 hours after feeding in comparison with start of lactation was found (0.83 ± 0.76% SL; 0.90 ± 0.62% PL). On the other side dairy cows in the group at the peak of lactation higher pH recovery before 1 st feeding was determined (1.38 ± 0.48% SL; 1.42 ± 0.71% PL). Larger differences between lactation number in pH daily courses were found. Dairy cows in the 2 nd lactation had statistically significant higher pH values (4.77%; P < 0.01) than 3 rd lactation cows. At the start of lactation daily mean 6.45 ± 0.28 in the group of 2 nd lactation cows and 6.14 ± 0.32 in the group of 3 rd lactation cows was detected. The similar results at the peak of lactation between lactation number were found. Dairy cows in the 2 nd lactation had statistically significant higher pH (4.05%; P < 0.01) than dairy cows in the 3 rd lactation. The daily pH mean in the group of 2 nd lactation cows 6.39 ± 0.25 and in the group of 3 rd lactation cows 6.14 ± 0.34 was determined. Dairy cows at the 3 rd lactation had faster decrease in pH values than 2 nd lactation cows after feeding (0.75 ± 0.41% S2L; 0.55 ± 0.34% P2L vs. 1.12 ± 1.20% S3L; 1.19 ± 1.19% P3L per hour). This could be caused by higher ability of dry matter intake of dairy cows at higher lactations. On the other side in the group of dairy cows in the 3 rd lactation better pH recover ability before 1 st feeding was found (1.00 ± 0.57% S2L; 1.11 ± 0.70% P2L vs. 1.62 ± 0.88% S3L; 2.10 ± 0.90% P3L per hour). Generally, dairy cows at the peak of lactation spent more time per day (26.20%) under the threshold 5.8 than dairy cows at the start of lactation (23 m 7 s SL; 2 h 51 m 58 s PL) but less time (33.54%) over pH 6.8 (1 h 22 m 50 s SL; 58 m 19 s PL). In the groups of 3 rd lactations cows higher frequency of pH under 5.8 in comparison with 2 nd lactation cows was found. Under this threshold at the start of lactation 911.11% more of pH values and at the peak of lactation 2324.00% more of pH values in the group of 3 rd lactation cows in comparison with 2 nd lactation cows were found. Third lactation dairy cows spent more time under the pH 5.8 per day than 2 nd lactation cows at the start of lactation (26 m 7 s S2L vs. 3 h 54 m 25 s S3L) and also at the peak of lactation (15 m 9 s P2L vs. 4 h 59 m 59 s P3L).
